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Abstract 

Background: During the last decades, environmental contamination by lead generated from human 
activities has become an evident concern. The present study assessed the long-term effects of 
neonatal exposure to different doses of lead acetate on the ovaries of offspring rats. 
Materials and Methods: Pregnant female Wistar rats were randomly divided into a control and 
three experimental groups. The experimental groups received 20, 100 and 300 mg/L/day lead 
acetate via drinking water during lactation. Ovaries of the offspring were removed at 30, 60, 90 and 
120 days of age, their weights recorded and fixed in Bouin's solution. Following tissue processing, 
5 |j,m serial sections were stained with hematoxylin-eosin, and then, the numbers and diameters of 
ovarian follicles and corpora lutea were estimated. 

Results: Ovary weights decreased significantly (p<0.05) in the 300 mg/L/day dose groups at 30, 
60 and 90 days postnatal development. Significant dose-related decreases were seen in the numbers 
of primary, secondary and antral follicles in 100 (p<0.05) and 300 mg/L/day doses groups at 30 
and 60 days of age (p<0.01). There was significant decrease in mean number of corpora lutea in 
the 100 (p<0.05) and 300 (p<0.01) mg/L/day dose groups at 60 days of age. It seems that neonatal 
lead treatment has transient effects on follicular development in the ovary of offspring and ovarian 
parameters gradually improve until 90 days of age. 

Conclusion: The present study showed that maternal lead acetate exposure affects prepubertal 
ovarian follicle development in a dose dependent manner, but ovarian parameters gradually improve 
during the postpubertal period. 
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Introduction 

The female reproductive system and, therefore hu- 
man fertility may be affected by exposure to envi- 
ronmental toxicants. In this regard, most attention 
has been paid to toxic environmental factors that 
cause ovarian toxicity (1). Epidemiological and 
animal studies have shown that trace metals such 
as lead, cadmium and mercury have the potential 
to disrupt ovarian function (2). 
Lead is a ubiquitous environmental pollutant widely 
dispersed in the environment and remains in the bi- 
otope. Exposure to lead may be via contaminated 
food or water and fiael additives (3). Reports state 
that paint, gasoline, printing material and acid bat- 
teries (4), as well as some industries such as mining 
and the refining of plants (5) are the greatest sources 
of exposure to lead. It is well known that lead passes 
through the placenta from mother to fetus and accu- 
mulates in fetal tissues during gestation (6) and can 
be obtained through the milk during lactation (7). 
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Golmohammadi et al. found an association between 
mean concentrations in blood lead of mothers and 
newborns (8). Since gastrointestinal absorption may 
be increased during lactation, along with increased 
calcium absorption, practically all lead ingested in 
contaminated milk is absorbed by pups. However, 
it has been shown that increases in maternal blood 
lead levels during gestation do not affect the birth 
weight of neonates (9). 

Lead can be concentrated in the cell nucleus, thus 
perturbing cell proliferation and DNA synthe- 
sis (10, 11). It is reported that the female gamete 
physiology in vitro is modified by exposure to very 
low levels of lead (12). Specific effects of lead on 
ovarian Sanction have been observed in mice (5, 
13), rats and monkeys (14-16). Longer and more 
variable menstrual cycles have been found in lead 
treated female Rhesus monkeys (17). Moreover, 
it has been shown that circulating levels of both 
luteinizing hormone (LH) and estradiol (E2) de- 
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cline in prepubertal females exposed maternally to 
low levels of lead (4, 18, 19). In contrast, other in- 
vestigators have detected little or no reproductive 
toxicity in adults when exposures were restricted to 
early developmental periods (20-22). The current 
study evaluates long-term effects of lactational ex- 
posure to different doses of lead acetate on ovarian 
development in offspring Wistar rats. 

Materials and Methods 
Animals and treatments 

The Ethics Committee of Shahid Chamran Uni- 
versity of Ahwaz approved this research project. 
Forty female Wistar rats were obtained from the 
animal house of the Jundishapour Medical Scienc- 
es University of Ahwaz and kept under specific 
conditions on a constant 12-hour light/dark cycle 
and at a controlled temperature of 22 ± 2°C. All 
rats had unlimited access to standard pellet food 
(Pars Co.) and distilled water. After acclimatizing 
to the laboratory conditions for one week, female 
Wistar rats (100 ± 10 days old) were mated over- 
night at a proportion of three females per male. 
After childbirth, mothers and their pups were ran- 
domly divided into four equal groups: control and 
three treatment groups that received 20, 100 and 
300 mg/L/day lead acetate (Merk Co.) in drink- 
ing water from day 1 to day 2 1 of the lactational 
period. Doses were established from related stud- 
ies of reproductive toxicity. Then, at 30, 60, 90 
and 120 days of age five pups were randomly se- 
lected, weighed and under chloroform (Merk Co.) 
inhalation anesthesia, their left and right ovaries 
were removed, trimmed of fat and extraneous tis- 
sue, weighed and fixed by immersion in Bouin's 
solution for 24 hours. 

Microscopic study 

Following tissue processing, 5 |am serial paraffin 
sections were prepared and stained with hema- 
toxylin-eosin. For microscopic analysis, sections 
were selected using a non-random 1 0% sampling. 
Numbers of ovarian follicles and corpora lutea 
were counted in each 10th section of the ovary 
(23), so that each counted section was separated 
by a distance of approximately 50-60 \im from the 
next 10th section. Differential follicle counting 
and categorizing was performed by a blinded per- 
son. Ovarian follicles were classified on the basis 
of ovarian follicle morphology. FoUicles that con- 
tained a single layer of squamous follicular cells 
were considered as primordial; the primary follicle 
contains an oocyte surrounded by a single layer 
of cuboidal follicular cells; the secondary folHcle 
contains more than one layer of follicular cells 



around the oocyte and the antrum was not present; 
and the follicles containing scattered spaces or a 
distinct antrum were considered as antral (24). All 
follicles counted were classified as either healthy 
or atretic, respectively; according to the absence 
or presence of signs of oocyte and/or granular de- 
generation, such as pyknosis of the nucleus and 
infolding of the cell wall in the oocyte, ingression 
of granulosa cells within the antral cavity, pulling 
away of granulosa cells from the basement mem- 
brane, infolding and thickening of base membrane 
and uneven layers of granulosa cells (25). 
For measuring the diameter of ovarian follicles in 
each developmental stage, 45 microscopic fields 
were randomly chosen in each rat. Then, using an 
ocular micrometer of light microscopy (Olympus 
EH), at a magnification of xlO, the largest and 
smallest diameters of each ovarian follicle were 
measured and the mean was calculated. To avoid 
counting the same follicle more than once, only in- 
dividual follicles having an oocyte with a nucleus 
were evaluated, and we measured the size of the 
follicles in which the oocyte was present with an 
ocular micrometer. 

Statistical analysis 

All data were analyzed using SPSS version 10.0 
for Windows. The data in different groups were 
compared by one-way analysis of variance (ANO- 
VA) and Tukey's test was used as a post hoc test. 
Differences were considered to be significant 
whenp<0.05,p<0.01 andp<0.001. 

Results 

Mean body weight showed significant decreas- 
es in the highest dose group at 30 (p<0.001), 60 
(p<0.01) and 90 and 120 (p<0.05) days of age 
in comparison with control group. Significant 
(p<0.05) decreases were observed in the moderate 
dose group at 30 days of age in comparison with 
the control group (Table 1). 
There were significant differences between mean 
relative ovary weight in the 300 mg/L/day dose 
group and control group at 30, 60 and 90 (p<0.05) 
days of postnatal development (Table 1). No sta- 
tistically significant differences were seen be- 
tween mean relative ovary weight in the 20 and 
100 mg/L/day dose groups at different stages of 
postnatal development. 

Mean number of primordial follicles was higher 
significantly at 30 days of age in 100 (p<0.01) and 
300 (p<0.001) mg/L/day dose groups and at 60 
(p<0.01) and 90 (p<0.05) days of age in the 300 
mg/L/day dose group in comparison with the con- 
trol group (Table 2). 
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Table 1: Mean ± SEM body weight (g) and relative ovary weight (%) in control and neonatal 
lead-treated ojfspring Wistar rats during different stages of postnatal development 



Groups 


Days 
of age 


Body weight 


Relative 

f»\r*lt"\7 U/AllTrl'i' 
UV Ml Y Wdtlll 


Control 
(a) 


30 
60 


28.37 iO.yi"" 
79.96 ± 1.62" 


0.055 ±0.003" 
0.046 ±0.001" 




90 


84.38 ± 2.13" 


0.054 ± 0.002" 




120 


95.12 ± 2.16" 


0.050 ± 0.002 


20 mg/L/day 
(b) 


30 


24.54 ±0.18" 


0.053 ±0.003 


60 


77.91 ± 1.27" 


0.045 ± 0.003 




90 


81.65 ±2.38" 


0.051 ±0.002 




120 


91.65 ±2.01 


0.050 ±0.001 


100 mg/L/day 
(c) 


30 


20.47 ±0.35'" 


0.052 ± 0.002 


60 


74.66 ± 2.80 


0.043 ±0.001 




90 


79.25 ±2.81 


0.053 ±0.001 




120 


91.05±2.11 


0.048 ± 0.003 


300 mg/L/day 
(d) 


30 


17.26 ± 1.50**** 


0.050 ± 0.002"* 


60 


69.29 ± 1.24*** 


0.040 ± 0.002"* 




90 


75.82 ± 1.16** 


0.047 ± 0.003"* 




120 


85.42 ±2.36'* 


0.048 ±0.001 



Different letters indicates significant (p<0.05) differences between groups. 

*Significant difference between control and treatment groups. *p<0.05, **p<0.01 and 

***p<0.001 

Table 2: Mean ± SEM number of ovarian follicles in control and neonatal lead-treated 
offspring Wistar rats during different stages of postnatal development 



Groups Days Primordial F. Primary F. Secondary F. Antral F. 

of age 



Control 


30 


12 


.30 


± 


0 


.27'" 


17 


.30 


± 


0 


.25'" 


17, 


.20 


± 


0, 


.35'" 


6, 


.63 ±0.41'" 


(a) 


60 


12 


.07 


± 


0 


.23' 


16 


.97 


± 


0 


.21" 


15, 


.80 


± 


0, 


.48d 


6, 


.93 ± 0.47" 




90 


11. 


,97 


± 


0, 


,15" 


16 


.55 


± 


0, 


.38" 


15, 


.87 


± 


0, 


.25^" 


6, 


.97 ± 0.46" 




120 


11. 


,32 


± 


0, 


,20 


15 


.43 


± 


0, 


.23 


16, 


.64 


± 


0, 


.45 


7, 


.65 ±0.50 


20 mg/L/day 


30 


12 


.36 


± 


0 


.25' 


17 


.11 


± 


0. 


38" 


16, 


.92 


± 


0, 


.22" 


5, 


.39 ±0.15" 


(b) 


60 


12 


.63 


± 


0 


.21 


16 


.56 


± 


0, 


.27 


15, 


.44 


± 


0, 


.28 


6, 


.58 ±0.23" 




90 


12 


.08 


± 


0 


.18 


16 


.35 


± 


0, 


.31 


15, 


.49 


± 


0, 


.33 


6, 


.17 ±0.21" 




120 


11. 


,47 


± 


0, 


,20 


15 


.30 


± 


0, 


.24 


15, 


.55 


± 


0, 


.28 


6, 


.71 ±0.20 


lOOmg/L/day 


30 


14 


.87 


± 


0 


.36"** 


13 


.03 


± 


0, 


.21"* 


13, 


.79 


± 


0, 


.42"* 


4, 


.67 ± 0.22"* 


(c) 


60 


12 


.79 


± 


0 


.28 


15 


.34 


± 


0, 


.32 


14, 


.13 


± 


0, 


.45 


4, 


.03 ±0.31"* 




90 


12 


.10 


± 


0 


.16 


16 


.20 


± 


0, 


.62 


15, 


.23 


± 


0, 


.60 


5, 


.83 ±0.26 




120 


11, 


,65 


± 


0, 


,24 


15 


.05 


± 


0, 


.51 


15, 


.84 


± 


0, 


.46 


6, 


.46 ±0.19 


300mg/L/day 


30 


15 


.63 


± 


0 


.26"*** 


12 


.53 


± 


0, 




11, 


,80 


± 


0, 




3, 


4 ± 0.20*" 


(d) 


60 


15 


.52 


± 


0 


.42"** 


13 


.12 


± 


0, 


.31"* 


12, 


.31 


± 


0, 


.43"* 


4, 


.86 ±0.31""* 




90 


13 


.07 


± 


0 


.32"* 


15 


.01 


± 


0, 


.55 


14, 


.73 


± 


0 


.54 


5, 


.50 ±0.28 




120 


12 


.11 


± 


0, 


,29 


15 


.21 


± 


0, 


.34 


15, 


.33 


± 


0, 


.50 


6, 


.00 ± 0.25 



Different letters indicates significant (p<0.05) differences between groups. 

*Significant difference between control and treatment groups. *p<0.05, **p<0.01 and ***p<0.001 
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Table 3: Mean (±SEM) number of ovarian follicles in control and neonatal lead-treated 
offspring Wistar rats during different stages of postnatal development 



Groups Days Primordial F. Primary F. Secondary F. Antral F. 

of age 



Control 


30 


21 


40 


± 


0 


66 


52 


61 


± 


0 


55 


99.40 ± 4.60'" 


207 


17 


± 


4 


05'" 




60 


22 


93 


± 


0 


75 


52 


57 


± 


0 


75 


103.00 ±2.26" 


232 


00 


± 


3 


34'" 




90 


22 


50 


± 


0 


74 


52 


57 


± 


0 


69 


106.87 ±3.27" 


237 


00 


± 


5 


23" 




120 


21 


42 


± 


0 


80 


52 


56 


± 


0 


54 


108.33 ±3.30 


244 


54 


± 


4 


14 


20 mg/L/day 


30 


21 


30 


± 


0 


37 


52 


30 


± 


0 


51 


98.10 ±2.25" 


205 


36 


± 


3 


14" 




60 


22 


57 


± 


0 


46 


51 


92 


± 


0 


63 


100.33 ± 1.88 


225 


97 


± 


2 


20" 




90 


21 


74 


± 


0 


39 


51 


87 


± 


0 


41 


102.71 ±2.38 


231 


57 


± 


3 


32" 




120 


21 


56 


± 


0 


60 


52 


66 


± 


0 


49 


107.22 ± 1.80 


240 


54 


± 


2 


77 


lOOmg/L/day 


30 


21 


13 


± 


0 


64 


52 


34 


± 


0 


46 


90.16 ±4.53='* 


193 


50 


± 


4 


41'* 


(c) 


60 


22 


90 


± 


0 


74 


52 


11 


± 


0 


71 


97.67 ± 1.82 


217 


33 


± 


6 


63»* 




90 


22 


45 


± 


0 


73 


51 


76 


± 


0 


52 


100.67 ±3.70 


229 


67 


± 


9 


83 




120 


22 


31 


± 


0 


61 


52 


08 


± 


0 


48 


104.77 ±2.47 


237 


38 


± 


5 


11 


300mg/L/day 


30 


20 


27 


± 


0 


44 


52 


18 


± 


0 


54 


87.83 ± 2.90*" 


188 


15 


± 


2 


89*" 


(d) 


60 


22 


68 


± 


0 


52 


51 


69 


± 


0 


33 


96.03 ± 2.50"* 


209 


63 


± 


2 


10*" 




90 


21 


86 


± 


0 


65 


51 


55 


± 


0 


52 


98.33 ± 3.29** 


222 


33 


± 


2 


34*' 




120 


22 


05 


± 


0 


58 


51 


81 


± 


0 


50 


102.36 ±2.44 


235 


81 


± 


2 


02 



Different letters indicates significant (p<0.05) differences between groups. 

* Significant difference between control and treatment groups. *p<0.5, **p<0.01, ***p<0.001 



□ control 




Days of age 

Fig 1: Comparison of mean ± SEM number of atretic follicles and corpus luteum 
in control and neonatal lead-treated offspring Wistar rats during different stages of 
postnatal development. *p<0.05, **p<0.01 and ***p<0.001. 
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Fig 2:. Histological sections of ovarian follicles in ovary of offspring Wistar rats at 60 days of age in control group (hema- 
toxyline & eosin); primordial (A) (scale bar: 20 fim), primary (B) (scale bar: 100 fim), secondary (C) (scale bar: 100 fim) 
and antral (D) (scale bar: 100 fim) follicles. 




Fig 3: Histological sections of ovarian follicles in ovary of offspring Wistar rats at 60 days of age in control group (he- 
matoxyline & eosin); primordial (A) (scale bar: 20 fim), primary (B) (scale bar: 100 fim), secondary (C) (scale bar: 100 
fim) and antral (D) (scale bar: 100 fim) follicles. 
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Significant decreases were observed in the mean 
numbers of primary, secondary and antral follicles 
at 30 days of age in 100 (p<0.05) and 300 (p<0.01) 
mg/L/day dose groups and at 60 (p<0.05) days of 
age in the 300 mg/L/day dose group in compari- 
son with the control group (Table 2). There was no 
significant difference between the mean numbers 
of ovarian follicles in the 20 mg/L/day dose group 
and control group at different stages of postnatal 
development. 

In addition, the means of secondary and antral fol- 
licle diameters decreased significantly (p<0.05) in 
the 100 mg/L/day dose group at 30 (p<0.05) days 
of age and in the 300 mg/L/day dose group at 30 
(p<0.01), 60 and 90 (p<0.05) days of age in com- 
parison with the control group (Table 3). 
There were significant increases in the mean 
number of atretic follicles at 30 days of age in 
100 (p<0.01) and 300 (p<0.001) mg/L/day dose 
groups and at 60 (p<0.01) and 90 (p<0.05) days 
of postnatal development in the 300 mg/L/day 
dose group in comparison with the control group 
(Figs 1, 2 and 3). 

Significant decreases were seen in the mean 
number of corpora lutea in 100 (p<0.05) and 300 
(p<0.01) mg/L/day dose groups at 60 days of age 
in comparison with the control group (Fig 1). 

Discussion 

During recent decades concerns have been raised 
about human infertility that might stem from ex- 
posure to environmental contamination. Exposure 
to environmental contamination prior and after the 
initiation of pregnancy, and during the early period 
of postnatal development could affect reproductive 
efficacy of offspring (26). Although few studies 
have been performed in women, several cases of 
lead poisoning have been associated with sterility, 
miscarriage, abortion, premature delivery and in- 
fant mortality (27, 28). The present study showed 
that maternal lead acetate exposure affects prepu- 
bertal ovarian follicle development in a dose-relat- 
ed manner and can reduce fertility and reproduc- 
tive efficiency of offspring Wistar rats. 
Mean body weight of the offspring decreased sig- 
nificantly in neonatal lead treatment of Wistar rats, 
particularly in the 300 mg/L/day dose group. Ronis 
et al. observed that lead exposure during pregnancy 
and lactation resulted in significant dose-respon- 
sive decreases in birth weight and crown-to-rump 
length in all litters of the treatment group (20). Ce- 
zard and Haguenoer reported that lead intoxication 
resulted in body weight reduction caused by a loss 
of appetite (29). 

Neonatal lead treatment caused dose-related reduc- 



tions of ovaries' relative weights in offspring rats. 
It seems that these reductions may be due to dose- 
dependent increases of atretic follicles, as well as 
decreases of secondary and antral follicular diam- 
eters in the ovaries of rats' offspring. McGivem 
et al. and El Feki et al. have shown that ovarian 
weight reduces in offspring exposed maternally to 
low levels of lead (30, 31). Mansouri has reported 
that lead treatment causes follicular atresia, reduc- 
tion of tertiary folhcle size, loosening of junctions 
between granulosa cells and destruction and de- 
generation of oocytes (32). Azamia et al. found 
that the number of atretic follicles increased sig- 
nificantly (p<0.05) in NMRI mice exposed to lead 
acetate at a dose of 10 mg/kg/week for 15 weeks 
(33). 

The present study showed that neonatal lead treat- 
ment reduced the number of primary, secondary 
and antral follicles in the ovaries of offspring rats, 
particularly in the 300 mg/L/day dose group. Ju- 
naid et al. showed that low lead acetate levels re- 
duced small and medium follicle numbers and high 
levels resulted in fewer large follicles numbers in 
mice (34). Dose-dependent reductions of grow- 
ing follicles and the presence of higher numbers 
of primordial follicles suggest that neonatal lead 
treatment inhibits transition from the primordial to 
primary follicle stage. In addition, neonatal lead 
treatment causes a reduction in number of corpora 
lutea in the ovaries of offspring rats at puberty. 
McGivem et al. and El-Feki et al. found that ma- 
ternal exposure to low lead levels causes fewer 
corpora lutea and abnormal estrous cycles in off- 
spring (30, 31). Also, a significant decrease in se- 
rum progesterone levels was seen in female Rhesus 
monkeys exposed to lead acetate for 75 months via 
drinking water, indicating that luteal fianction was 
blocked by lead (13). 

Overall, these data suggest that neonatal lead treat- 
ment inhibits follicular development in the ovaries 
of offspring in a dose-related manner. Ercal et al. 
observed that chronic exposure to lead damaged 
primordial and medium follicles and arrested fol- 
licular development in Rhesus monkeys (35). 
Crystel et al. showed that even low doses of lead 
provoked an inhibition in folliculogenesis lead- 
ing to dysfunction of this process (36). It has been 
reported that lead acetate reduces the number of 
primordial follicles and increases atretic antral fol- 
licle number in mice (5). In rats the formation of 
primordial follicles is completed by around post- 
natal day 3 or 4 (37). During postnatal develop- 
ment some of primordial follicles grew and pri- 
mary, preantral and antral follicles were seen in 
the ovaries from 9 to 20 days of age (38). The first 
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estrus and ovulation occured between 35-42 days 
of age (39). 

However, the present study showed no significant 
differences in numbers of growing follicles and 
corpora lutea at 90 and 120 days of age in the treat- 
ment groups. Additionally, the mean numbers of 
secondary and antral follicles, and ovarian weight 
in the treatment groups normalized until 120 days 
of age in comparison with 30 days of age. In this 
regard, Mansouri and Abdennour have shown that 
increase of exposure time to lead caused more toxic 
effects to gametes (32). It seems that lead has tran- 
sient effects on follicular development in the ovary 
of offspring and ovarian parameters become better 
gradually until 120 days of age. Thus, our results 
show the reversibility of toxic effects of neonatal 
lead treatment on the follicular development in 
ovaries of offspring rats. Also, Piasek and Kostial 
concluded that the adverse reproductive action of 
lead is reversible after withdrawal of adult female 
Albino rats from exposure (40). 

Conclusion 

Consequently, the present study shows that mater- 
nal lead acetate exposure during lactation affects 
prepubertal ovarian follicle development in a dose 
dependent manner, but ovarian parameters become 
better gradually during the postpubertal period. 
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